Abstract. 2014 We have developed a method which performs chemical imaging with great interactivity between a selected filtered image and the EELS spectrum of a specimen or of a selected area of this specimen. This [1] . This tool gives the best analytical resolution in Transmission Electron Microscopy (TEM) [2] . For several years, high-resolution elemental mapping has been a subject of interest world-wide and the analytical tool selected by several laboratories to perform this Article available at http://mmm.edpsciences.org or http://dx.doi.org/10.1051/mmm:0199200306051700 mapping is TEM-EELS.
There are two ways of collecting electron energy-loss spectra: the serial method (one energy channel at a time) and the parallel method (several energy channels at the same time). EELS sensitivity has been greatly increased by using multi-channel arrays to detect in parallel the inelastically scattered electrons [3] . This [4] or as a post-column imaging filter behind [5] are commercially available and they are shown in figure 1. Similarly to X-ray mapping using a Scanning Transmission Electron Microscope (STEM) coupled with an Energy Dispersive X-ray Spectrometer (EDXS), some laboratories are performing elemental mapping using STEM coupled with PEELS. The use of a PEELS coupled with a STEM was first introduced by Jeanguillaume and Colliex [7] as the "Spectrum-Imaging" method. Energy-filtered images are obtained from the collection of PEELS spectrum for each position of the STEM probe. Williams and Hunt [8] [6] . The goal of Electron Spectroscopic Imaging (ESI) is to obtain an elemental map (or Z-contrast image) directly in a microscope. Reimer [11] has described all the imaging modes that can be used for ESI. Elemental mapping needs two or three filtered images below and beyond an edge of interest.
In order to collect energy-filtered images, we used a conventiônal TEM combined with a Castaing-Henry magnetic-sector / electrostatic-mirror (Zeiss CEM 902) [12] [13] [14] . The objective aperture limits the scattering angle admitted to the filter. The lens placed after the filter projects either the achromatic image plane or the energy dispersive plane of the filter onto a detector (a camera for the image or a photomultiplier for the spectrum) [15] . These are the two modes of operating such a microscope. The Consequently, the complete data will be a three dimensional array: I(x, y, E), as shown in figure 2. The first method for the acquisition and processing of this three dimensional array is SpectrumImaging. A spectrum-image is similar to a normal image but it contains an entire PEELS spectrum at each pixel whereas an image plane has only a single value at each pixel. The Spectrum-Imaging method has been experimentally investigated by Hunt and Williams [16] and by Balossier et al [9] .
The Imaging-Spectrum method is based upon the exploitation of a series of energy-filtered images, recorded at different energies with a chosen increment between each image (Fig. 3) . Once the series of filtered images is recorded, the spectral information is extracted by reading the grey level value of a specific pixel over the total recording. The advantages of using an EFTEM is the parallel nature of the image formation. Data from a very large number of pixels (up to 1024 x 1024) can be acquired simultaneously.
The Imaging-Spectrum method was implemented on a ZEISS CEM 9P2. We wrote some specific software in C programming language for the acquisition. The instrument is equipped with a tungsten filament and a low level TV rate camera whose characteristics are described in table I. Implementation is presented in figure 4 . The ZEISS CEM 902 is fitted with a built-in image analysis system. The figure 6 . Although the analysed area is as small as 25 nm2, the fine structure of the K-edge of boron is quite well resolved. The chemical mapping shown in figure 5b was obtained by a three image subtraction method (163, 183 and 192 eV) according to Egerton [17] . Following this way, it should be also possible to obtain cr* and 7r* orbital images, which could be of great interest for fine structure mapping. Another important point to consider is the total electron dose arriving on the specimen during the acquisition phase. The dose in the ZEISS CEM902 is given by the relation:
where Ds is the number of electrons achieved per specimen area (e-Â -2), t is the exposure time (sec.), and M is the magnification. where i is the current intensity (A) measured from the camera detector with a nearly uniform illumination of the whole detector area with objective aperture out, A is the detector area: 5.92 x 1017 Å2, k is a correction value which takes in consideration the ratio of backscattered electrons (k = 0.75), e is the charge of the electron = 1.602 x 10-19 A sec.
In the case of the BN specimen, the current is equal to 5 10-7 A, the magnification is 30,000 and the acquisition time per series is 360 sec. The total dose achieved by the specimen during registration of the whole series is thus equal to 2.3x 106 e-A -2. According to Leapman and Hunt [18] , the probe diameter is 1 nm. This gives a dose equal to 1.2x 10s e-Â-2 sec-1. In the example given by Williams and Hunt [16] , the acquisition time for a pixel is 80 ms, giving a total dose equal to 9.6x 106 e-Â-2 for a whole image.
In the case of a thin carbon film (03C3K = 2x 10-20 cm2 at 100 keV), with a current density of InA nm-z, for a VG microscope, the count at each pixel on the carbon K edge is 12500 counts per second (cps). In our case the same calculation (03C3K = 2.5 10-20 cm2 at 80 keV) with a current density of 7 10-5 The future of the energy-filtered microscopy is more and more devoted to the obtention of images with quantitative spectroscopic information. The Spectrum-Imaging method allows the collection of high-quality 1024 channel energy-loss spectra on a small number of pixels. The Imaging-Spectrum method will enable the simultaneous and rapid collection of a high number of EELS spectra portions for a large number of pixels.
